Introduction
Aframomum (A.) citratum and Tetrapleura (T.) tetraptera fruits were identified as being among the best available non-timber forest products in the Cameroonian markets [1] . T. tetraptera is a Fabaceae [2] native to the tropical rainforest of West Africa while A. citratum, a Zingiberaceae is endemic to the tropical flora of South Saharan Africa, Madagascar and the Guinea Gulf Islands [3] . In Cameroon, these fruits are mainly collected in the bimodal forest zone (ZONE V), unimodal forest zone (ZONE IV), the highlands zone (ZONE III) [4] and are sold throughout the national territory.
Used as spices, they demonstrate their socio-cultural importance in many Cameroonians regions [5] . Indeed, T. tetraptera and A.
citratum show their importance in many food habits, where they are commonly used together for many traditional recipes ("pepe soup", "yellow soup", "Mbongo Tchobi", "nkwui"). Adding to their nutritional properties, they possess many traditional uses such as the treatment of inflammatory diseases (cancer, cough, diabetes, arthritis) in Cameroon, Nigeria, Ghana and Uganda [4, [6] [7] [8] . While inflammatory states are an important source of oxygenated radicals that cause many diseases [8] [9] [10] . Indeed, inflammation involves high levels of arachidonic acid from damaged cell membrane phospholipids. The arachidonic acid metabolized by cyclooxygenase and lipoxygenase will produce highly inflammatory mediators.
In addition, denaturation of proteins tissue and the red blood cell membrane lysis are also well-documented causes of inflammatory diseases [11] . In vitro anti-inflammatory mechanisms through which the extracts of both plant species act are still unknown.
Despite of their geographical diversity and origins, there is no report on the characterization of those fruits as regards to the respective Agro-ecologic Zones where they are harvested in Cameroon. Indeed, previous studies [5, [12] [13] [14] were used to assess their phytochemical composition and the biological activities to which they are related mostly regardless of the place of picking as they are acquired on the markets. Therefore, for further investigation, we initiated a study of some phytochemical characteristics (total polyphenols and flavonoids) and in vitro biological activities (antioxidant and antiinflammatory) of fresh fruits harvested in different Agro-ecologic Zones to serve as a scale for a comparative study and to determine if the locality where fruits are collected is a determinant of their chemical content and biological activities.
Materials and methods

Research areas and sample processing
The origin and geographical features of localities where spices were collected are recorded in Figure 1 . The territory is divided into five Agro-ecologic Zones [15] Cleaned, sorted and dried (45 曟 during 72 h), fruits were grounded and the powders were vacuum bagged and refrigerated for further analysis.
Plant extracts preparation
Plant extracts were obtained by infusion in hot water (100 曟 /15 min) from an extraction ratio of ¼ (g/mL). The mixture was centrifuged (4 500 rpm during 10 min) and the supernatant was lyophilized. The dried extracts were vacuum-packed and refrigerated.
Total polyphenols (TPP) and Total flavonoids (TFLV) determination
TPP was evaluated using Folin-Ciocalteu colorimetric method [16] with minor modifications. The TPP are calculated from the Gallic Acid standard curve (0.05-1.00 mg/mL) and are expressed as mg GAE/g dry plant weight. Total flavonoids (TFLV) content was also quantified [17] from Catechin standard curve (0.05-1.00 mg/mL) and expressed as mg CE/g dry plant weight.
Free radical scavenging activities
These activities are studied by 1,1-diphényl-2-picrylhydrazyl (DPPH) radical trapping assay [16] and by the inhibition of beta carotene discoloration method (beta-CAROT) [18] with slight modifications. DPPH discoloration by extracts (0.25, 2.5, 25, 250 mg/mL) is monitored at 517 nm after 30 min of incubation in the dark at room temperature. The IC 50 of each extract were obtained by linear regression. The method has been standardized by Ascorbic acid.
The inhibition of the beta-CAROT by the extracts (250 mg/mL) was followed at 490 nm at the beginning and after 24 h against Butylated hydroxytoluene (BHT) prepared under the same conditions.
Reducing activities
The reducing power of the different extracts (0.25, 2.5, 25, 250 mg/mL) is measured by the "Ferric reducing antioxidant power" (FRAP) [19] and by the Phosphomolybdenum method of total antioxidant capacity (TAC) [20] .
For the first test, ascorbic acid was used as positive control and the reducing activity was expressed as mg AAE/g of extract. The TAC is expressed as mg TE/g (milligram Trolox Equivalent).
Protein denaturation inhibition
The inhibition of bovine serum albumin denaturation (INH.PROT) by the extracts (0.25, 2.5, 25, 250 mg/mL) was performed with few modifications [21] . Absorbance measurements were made at 660 nm and diclofenac was used as positive control to evaluate the inhibition percentage. The IC 50 of the extracts were obtained by linear regressions.
Lipoxygenase (5-LOX) inhibition
The inhibition of soybean 5-LOX (INH.5-LOX) activity by extracts (0.25, 2.5, 25, 250 mg/mL) was also tested [21] . The absorbance is measured at 234 nm, phosphate buffer solution is used as negative control and quercetin as reference or positive control. The inhibition percentage is calculated and the IC 50 's of extracts were obtained by linear regressions. 
Statistical analysis
Results
Total polyphenols (TPP) and Total flavonoids (TFLV) contents
TPP and TFLV were estimated from Gallic Acid (Y = 0.773 X +0.002) and Catechin (Y = 0.015 X +0.093) standard curves. TPP and TFLV contents were greater in T. tetrapleura extracts (Table 1) and there was a strong positive correlation between TPP and TFLV for both plant species ( 
DPPH radical trapping test trend
The extracts contained electron donors that inhibit the radical and the inhibition percentage is dose-dependent. The inhibition percentages of extracts from ZONE V are statistically greater for both plant species (Table 4 ). The concentration of extract needed to decrease the initial DPPH concentration by 50% is a parameter widely used to measure the antioxidant activity and a lower IC 50 value corresponds to a higher antioxidant power. Regarding A. 
Inhibition of beta carotene discoloration (beta-CAROT)
The extracts inhibited beta-CAROT and T. tetraptera extracts were more effective after 24 h ( Table 4) Averages (n = 3) followed by letters (a,b,c,d) in the same column are significantly different (P<0.001); TAC: total antioxidant capacity; TE: trolox equivalent; IP: inhibition percentage; AA: ascorbic acid; BHT: butylated hydroxytoluene; Diclof: diclofenac; Quer.: querctine (Tables 2 and 3 ).
Iron reducing activity
Total antioxidant capacity by the Phosphomolybdenum method (TAC)
The total antioxidant capacity of spices extracts varied significantly from one site to another. Concerning A. citratum, there was no significant difference among the TAC of spices from ZONE V. T.
tetraptera extracts TAC's from ZONE IV and ZONE III were less effective but there was no significant difference among extracts from ZONE V. Tables 2 and 3 shows significant positive correlations between TAC of both spices extracts and the TPP and TFLV contents.
Protein denaturation inhibition
The plant extracts recorded significant anti-inflammatory dosedependent activity but lower than that of Diclofenac (Table 4 ). For
A. citratum extracts, the highest Bovine Serum Albumin inhibition
denaturation is noted on extracts from ZONE V showed higher Bovine Serum Albumin inhibition denaturation. T. tetraptera extracts inhibition percentage from ZONE V were higher than those of the other Agro-ecologic Zones and there was also significant negative correlations (Table 3) between TPP, TFLV and the extracts IC 50 's.
Lipoxygenase inhibition activity
The extracts have inhibited the soybean 5-LOX and the inhibition percentage is increasing with the rise of the extracts concentration ( 
Discussion
This study highlighted the levels of total polyphenols and total flavonoids and some biological activities of infused aqueous extracts of T. tetraptera and A. citratum fresh fruits taken from three different Agro-ecologic Zones in Cameroon. For both plants species ZONE V possesses the most important levels of TPP and TFLV. T. tetraptera have the highest studied characteristics certainly lower than those already published [12] in the aqueous extracts but above those reported in the ethanolic extracts of the two plant species [22] . The correlation between TPP and TFVL is similar to previous results published by Bouba et al [13] . to those already published [12, [22] [23] [24] . Additionally, the highest activities are noticed in spices (for both plants species) with the most important TPP and TFLV contents as reported by Rice et al [25] .
Without a doubt, polyphenols have an ideal chemistry structure for free radical elimination activities and therefore have a significant antioxidant activity. This activity is particularly important when the concentration in phenolic compounds is high [7, 25] . Indeed, plant phenols have drawn increasing attention due to their significant effects in the prevention of multiple oxidative stress and flavonoids (hydroxylated phenolic substances) have shown great potential in management of coronary heart disease. The results obtained with the study of correlations are similar to former reports [22, 24] . Some investigations show results different from those obtained. For example, Etoundi et al. [12] have reported at lower concentration (0.25 mg/mL), a scavenging activity of 83.5 % with aqueous extracts of T. tetraptera fruit. An activity ranging from 10.56% to 66.01% at concentrations between 25 mg/mL and 100 mg/mL was also recorded in the same extract by Famobuwa et al [23] . Concerning A.
citratum, Josiah Sunday et al. [24] have recorded in the methanolic extracts a IC 50 of (196. 13 [28] . The reducing ability of these extracts could be explained by the presence of reductones [29] causing the formation of hydrogen peroxide. These compounds therefore reflect the capacity of different extracts to give electrons that stabilize and block radicals to reduce their production.
Inflammation is implicated in the pathogenesis of many diseases (arthritis, stroke, cancer, diabetes etc.) and protein denaturation, lipoxygenase activity are well correlated with the appearance of the inflammatory response [30] . The extracts from ZONE V are the most active and T. tetraptera extracts have at equal concentration the most effective activities. Therefore, its uses in traditional medicine are justified for handling inflammatory diseases [2, 8] .
The results obtained have the same outline as those of Odukoya et al. [31] with regard to the ethanolic extracts and petroleum ether extract of A. danielli for the 5-LOX inhibition. They are related to the physicochemical content of extracts [14, 22] , especially phenolic acids, flavonoids, metals, vitamins, etc. As an example, flavonoids are known to act on the inflammatory response via many routes and block molecules like COX, iNOS, cytokines, nuclear factor-кB and matrix metalloproteinases and they are good free radical scavengers that donate hydrogen, inhibit Lipid Peroxidation and are metal ion chelators [7] . flavanones are also effective in neurogenic inflammation induced by xylene and quercetin reduces paw oedema induced by carrageenan.
Geraniol was found to significantly decrease lipid peroxidation, inhibit nitric oxide release (64.61%) and reactive oxygenated species generation in the pre-treated cells as compared to stresses cells [34] .
Similarly, Albanoa and Miguel [35] stated that phenols, terpenoids have the ability to inhibit 5-LOX and reports [7, 36] have mentioned the presence of diterpenoids, sesquiterpenoids in Zingiberaceae in general.
The differences noticed between the Agro-ecologic Zones according to characteristics studied on the plants species can be internal or external to the various ecosystems. Within the ecosystem, ZONE V is characterized by abundant rainfall (nine months/year and two distinct wet seasons) and rich (high agricultural value) and very fertile lateritic soils as long as the plant cover protects the soil against leaching [37] . Indeed, these soils are formed under forest cover and organic matter is very developed at the surface layers [38] . Organic matter is the main indicator of soil fertility because of its impact on the physicochemical and biological soil properties. It helps if all the conditions are encountered for soil quality and plant yields by increasing aeration, water retention capacity, stabilizing aggregates, providing a shelter for soil organisms that regulate the nutrients cycle and therefore promoting the retention and delivery of essential elements to increase soil productivity [39] . The particularities of ZONE IV and ZONE III are the rainfall and the soil [40, 41] . In ZONE IV, the waterfalls are more important (2 500-4 000 mm/year) and the waterlogged and/or alluvial consist of fine clay, silt and sediment brought in the deltas and floodplains by many rivers (Bonepoupa and Nyanon localities). Nkwangsy II, Mantem II, Bare-Bakem (ZONE III) soils are instead volcanic (composed of sandstone with clay matrix certainly rich in minerals) and immediately more fertile.
However, because of their crumbly consistency and the intensive rainfall, steep slopes and altitude, they are exposed to the risk of increased erosion [42] . Climatic factors and soils are added to biotic and human factors because those localities are intensive agricultural production zones for several cash crops (Robusta and Arabica coffee, bananas, plantains, pepper) and food crops are under significant pressure due to the intensive and sometimes uncontrolled use of pesticides [42, 43] . Without a sustainable land management policy, intensive exploitation and pollution of soil by chemical fertilizers or pesticides decrease soil fertility and sustainability [43] . External to the ecosystem, the differences observed may be due to the genetic variability [44] .
In summary, the area where to collect the two plant species is 
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